. Results: Estimated SSI risk was 3.2% (95% C.I. = 2.6% to 4.1%) and risk of osteomyelitis was 0.6% (95% C.I. = 0.4% to 1.1%). ASA score > 2, general anesthesia, length of hospital stay before surgery higher than four days, more than two professionals at surgical field and duration of surgery higher than five hours were risk factors for SSI after hip prosthesis (p < 0.05). The final multiple logistic regression analysis indicated that the modified NNIS risk was independently associated with surgical site infection after arthroplasty of hip. Conclusion: Despite the modified NNIS index being a risk factor for SSI, none of its independent variables was statistically significantly in the logistic model (p > 0.100). Each modified NNIS risk category increased the chance of a patient being infected by almost three times, when compared with the previous category (OR = 2.82; p = 0.011).
Introduction
Total hip arthroplasty (THA) is one of the most common orthopedic interventions [1] and is indicated for patients who fail to respond to clinical treatment such as pharmacotherapy with analgesics or anti-inflammatories, physical therapy or exercise [2] . It involves the replacement of a damaged hip joint with an artificial prosthesis [2] and is effective in treating not only pain but also the disability following hip joint degenerative diseases [1] - [4] . However, surgical site infection (SSI) is a significant cause of patient morbidity and mortality [5] and its risk factors must be assessed prior to surgery.
There are several types of hip arthroplasty, and the choice of which one to use is dependent on patients' needs and on the experience of the professionals. It is not the objective of this paper to explore the different procedures involved in THA. A meta-analysis published in 2014 showed that most evidence indicated no difference for post-surgery scores for functional and clinical measures between the different types of THA, even though the study was impaired due to missing data and poor reporting [2] .
The number of THAs is steadily increasing and it is projected that by 2020, it will exceed 500,000 procedures per year [4] . The rate of SSI following THA has been estimated to range between 0.2% and 1.1% depending on the time after surgery [4] and the incidence of prosthetic joint infection lies between 0.4% to 1% [6] . The increasing number of THAs performed means an increase in the absolute number of patients presenting with these complications. Infection is the third most common cause of revision THA [3] and it has a substantial economic impact on the healthcare system as it increases the length of hospital stay and escalates hospital costs [3] [5] . Hence, prevention of infection is imperative.
Some factors are known to increase the risk of infection after surgery. Patient-related factors include (but are not limited to) age, gender, obesity and American Society of Anesthesiologists (ASA) score, while surgery-related factors include duration of surgery, antibiotic prophylaxis, type of anesthesia and NNIS Index score [3] - [5] . Nonetheless, studies still yield inconsistent results regarding the role of these factors in increasing infection risk [4] . Thus, the objective of our study is to answer three questions: What is the risk of wound infection in patients undergoing hip replacement? What are the main etiologic agents in surgical site infection following hip arthroplasty? What are the risk factors most associated with SSI following this procedure?
Materials and Methods
This multicentric retrospective cohort study assessed SSI risk factors in patients undergoing total hip replacement during the period of January, 2009 to December, 2013 in five general hospitals in Belo Horizonte, Brazil.
The Hospital Infection Control Committees (HICC) of these hospitals gathered all the data used in our analysis during their routine procedures for surgical site infection surveillance following standard methods defined by the National Healthcare Safety Network (NHSN). The outcome variables were surgical site infection and osteomyelitis. The preoperative and operative parameters were divided into continuous and categorical variables. The former includes age, duration of hospital stay before surgery, duration of surgery, number of professionals involved in surgery and number of hospital admissions. The latter were surgical wound classification, the American Society of Anesthesiologists (ASA) preoperative assessment score, type of surgery (elective, emergency), general anesthesia (yes, no), prophylactic antibiotics (yes, no), trauma surgery (yes, no) and Nosocomial Infections Surveillance-NNIS risk index (0, 1, 2, 3).
Risk and protection factors for infection were identified by bilateral statistical hypothesis testing; the significance level was 5% (α = 0.05).Student's t test or non-parametric tests were applied to assess continuous variables. The chi-square or Fisher's exact test were used to analyze categorical variables, when necessary.
Analysis of each factor yielded a point estimate at a 95% confidence interval (C.I.-95%) for relative risk. A multivariate analysis with logistic regression was applied in the last phase of the study. Variables tested in the logistic model were selected when the univariate analysis generated a p-value ≤ 0.25.
Results
A total of 2,161 patients undergoing hip arthroplasty in five Brazilian general hospitals during January, 2009 to December, 2013 were enrolled in our study. Surgical site infections were diagnosed in 70 of those patients while osteomyelitis were identified in 14 patients. The estimated SSI risk was 3.2% (C.I. 95% = [2.6% -4.1%]) and the risk of osteomyelitis was 0.6% [C.I. 95% = [0.4% -1.1%]).
The etiology of SSIs was identified in 70% of the cases and 65 different microorganisms were found in 49 SSIs: 27 Staphylococcus aureus (44%), 7 Acinetobacter baumannii (11%), 6 Escherichia coli (10%), 5 Pseudomonas aeruginosa (8%), and 19 were other microorganisms. The main etiologic agent in osteomyelitis was Staphylococcus aureus-61% of cases, followed by Escherichia coli (2), Acinetobacter baumannii (2), and Staphylococcus epidermidis (1) .
The results of our univariate analysis of the continuous variables are shown in Table 1 . The length of hospital stay before surgery (p-value < 0.001) was suggested as risk factor for SSI after THA. Table 2 shows the results of the univariate analysis of categorical variables. General anesthesia (p-value = 0.029), number of professionals at surgery higher than 2 (p-value = 0.003), length of hospital stay higher than 4days (p-value = 0.16) and ASA score higher than 2 (p-value = 0.011) were also indicated as risk factors for the development of SSI. Although several values were missing, our analysis strongly suggests that prophylactic antibiotic before surgery protected patients against SSIs. Table 3 shows the results of our multivariate analysis, in which only the modified NNIS risk was independently associated with SSI following THA. No patient in our sample had four risk factors for infection, thus, Figure 1 shows a modified risk index ranging from 0 to 3. The SSI risk increases from 1% when the patient has no risk factors to 25% in patients with three risk factors.
The Modified NNIS risk index values range from 0 to 4 points and are defined by four independent and equally weighted variables. One point is given for each of the following factors: ASA score higher than two, wound classification as either contaminated or dirty/infected, duration of surgery over two hours (75th percentile for duration of hip replacement), and the need for general anesthesia.
Discussion
The risk of surgical site infection, as aforementioned, is estimated to be between 0.2% to 1.1% [4] . In our study, we encountered a risk that was practically three times higher.
Native microorganisms of the skin are the most associated with SSI [3] . Based on genotyping evaluations, [7] showed that the source of infection was endogenous in more than 80% of nosocomial infections with Staphylococcus aureus. This same microorganism was the most commonly identified in our study, with a prevalence of 44%. Despite the advances in antibiotic prophylaxis, skin preparation remains as an important factor in reducing the risk of SSI [3] [4] . There are different antiseptic solutions for skin preparation for surgery, but it seems to be a consensus that there is no difference between these agents [3] [4] despite one study that shows less incidence of SSI with povidone iodine preparation [8] .
The only preoperative risk factor suggested by our study was the ASA score. All the other risk factors indicated were operative factors. The ASA score is an indicator of the impact of comorbidities in the patient's general health. A score equal to or greater than 3 is associated with increased risk of infection after surgery by some authors [3] [4] . Our study corroborated with that, as an ASA score higher than 2 was indicated as a risk factor for the development of SSI. It is important, then, to reiterate the importance of careful and planned preoperative assessment of the patient in order to minimize the risk of infection.
Although none of our references studied the number of professionals at surgery, [9] indicates that traffic in the operating room can increase the load of airborne microorganisms and that the laminar flow suffers interference from the various door openings increasing the risk of SSI. In our study, a number of professionals at surgery greater than 2 was pointed as a risk factor for SSI. When analyzed as a continuous variable, it did not yield a statistically significant result. We suggest caution in the interpretation of this variable. However, keeping surgery staff and traffic in the operating room to a minimum are good measures to avoid infection.
The length of hospital stay before surgery was also indicated as risk factor for SSI after THA in our study and not explored in our references. Seriated genotyping evaluations are necessary to better determine the period after which the skin is colonized by hospital microorganisms. Duration of surgery, on the other hand, is associated with increased risk of SSI [3] [4] [10] and it had no statistical significance in our study. Reference [10] relates prolonged surgery time with more complex cases, which involve more extensile exposures and greater tissue damage leading to higher rates of infection.
Some authors [4] [11] suggest possible mechanisms of the benefits of neuraxial anesthesia instead of general anesthesia in orthopedic procedures. They include better tissue perfusion and immune function and diminishes blood loss. Our study also suggests general anesthesia as a risk factor for infection.
Antibiotic prophylaxis is a well-established method to prevent post-surgery infection [3] [4] . An increase in the risk of infection has been associated with failure to adhere to antibiotic prophylaxis protocols, be it in dosage or timing [4] . Our analysis was impaired due to missing data regarding antibiotic prophylaxis use. Even then, it strongly suggests the use of antibiotics to be a protective factor against SSI.
Conclusions
Surgical site infection is one of the most common complications after THA. Our study estimates a rate of SSI in five Brazilian general hospitals that are almost three times higher than international studies. Identifying risk factors and addressing them prior to the procedure is key in preventing SSI.
Our analysis points that an ASA score higher than 2, the use of general anesthesia, and the number of professionals at surgery higher than 2 are risk factors for the development of SSI after THA. In our multivariate analysis, only the Modified NNIS risk index is pointed as a risk factor for SSI. Antibiotic prophylaxis is suggested to be a protective measure against SSI.
As a retrospective analysis, this study has several limitations. Nonetheless, it suggests important opportunities to improve the quality of care and to prevent SSI in hip arthroplasty, such as avoiding general anesthesia, keeping the operative staff to a minimum and diminishing traffic in the operating room. Elaboration of new pre-surgery protocols or reviewing the current ones and adherence to them, as well as proper collection of data for future analysis may be important measures to decrease the risk of infection in the studied hospitals.
